Phosphorylation of starch has resulted in appreciated material properties for applications in drug matrices. This study aimed to obtain and characterize samples of phosphorylated starch with sodium trimetaphosphate (STMP) and sodium tripolyphosphate (STPP). SEM micrographs allowed evidence that in relation to the starch in natura, the samples showed a loss of grain form in addition to formation of particle agglomerates. X-ray diffractograms of these samples indicated amorphization process, with modifications of the peaks in the region between 15 and 20 º 2θ. FTIR spectra of phosphorylated samples showed variations and new bands related to phosphorylation. Through of methylene blue adsorption isotherms it was observed better adjustment adsorptions on phosphorylated sample to Freundlich model. The new biomaterials showed adsorptive capacity of model cationic nature drug, demonstrate potentiality to application in controlled release systems.
Introduction
Starches in natura present some limitations in some types of industrial processes and technological applications. This can be reversed using chemical modification methods 1, 2 . Using microwave radiation with lipases, esterification with lipase, formation of hydrogels by photopolymerization in UV radiation, esterification with ferulic acid, ozone oxidation, phosphorylation are among the modification methods used 3 . Phosphorylation modification process, corresponding to insertion of phosphate groups, generate starches with differentiated properties, such as modification in solubility, pulp properties and morphology [4] [5] [6] . The process of phosphorylation of starches has been realized by different methods and phosphorylation agents. Among the phosphorylation agents, the Sodium Trimetaphosphate (STMP) and Sodium Tripolyphosphate (STPP) salts are characterized by their low cost, capacity to obtain materials with controlled substitution degrees, modifications in physicochemical properties even with degrees of low substitution and few changes in the base structure of starch chains. The process of phosphorylation with STMP and STPP can, depending on the reaction conditions, produce new differentiated materials such as monostarch monophosphate or distarch monophosphate, both with anionic character from the phosphate groups 7, 8 . Starch phosphorylation with STMP has been studied and demonstrated by Sang, Prakash and Seib (2007) 9 who concluded that the products are predominantly diesterified and may contain phosphate mono and triesters in lesser amounts. The authors also evaluated starch phosphorylation with STPP and observed predominance of monoesterified products, also with minority presence of phosphate diesters. These observations were obtained by means of 31 P nuclear magnetic resonance (NMR) spectroscopy, a technique that also allowed the detection of free inorganic phosphorus residues. The reactions of starch phosphorylation with STMP and STPP with the major products, based in Sang, Prakash and Seib (2007) 9 , are shown in figure 1. Phosphorylated starches have been shown to be promising materials for acting as a matrix for controlled drug delivery systems 10, 11 . Also, various technological applications of the starches can be improved with phosphorylated products, because the modification of various properties such as increase of paste clarity, viscosity and water absorption capacity can be achieved 4, 12 . The objectives of the present study were to obtain phosphorylated starches with different phosphate reagents, STMP and STPP, and to evaluate their structural, chemical and surface properties, compared with original starch.
Materials and Methods

Materials
In this work, was used comercial soluble starch P.A. A.C.S., labeled solubility of 5 g L -1 (Dinâmica Química Contemporânea -Diadema, Brazil), sodium tripolyphosphate and sodium trimetaphosphate were obtained from ICL Brazil (São Paulo, Brazil), anhydrous sodium sulfate (Vetec -Duque de Caxias, Brazil), sodium hydroxide (Vetec -Duque de Caxias, Brazil), concentrated hydrochloric acid (Alphatec -Brazil) and etanol 99% (Alphatec -Brazil). For characterization, 14 , with modifications. 10 g of starch were dispersed in 200 ml of distilled water, then 0.5 g of sodium sulfate were dissolved and the pH was adjusted to 9.0 with addition of sodium hydroxide 1 mol L -1 . The suspension was pre-heated to approximately 70 ºC under constant stirring. 3 g of modifying agent (STMP or STPP) was added and the pH was again adjusted to 9 with sodium hydroxide 1 mol L -1 . Modification reaction was conducted under constant stirring at room temperature for 2 hours and terminated by lowering the pH to 6 with addition of hydrochloric acid 25% (v/v). Washing was performed with 130 ml of ethanol A.P. and then the samples were vacuum filtered and oven dried at 60 ºC for 48 hours.
The samples were named ST, ST-TP and ST-TM, corresponding to the in natura starch, STPP-modified starch and STMP-modified starch, respectively.
Characterization by Fourier Transform Infrared (FTIR) spectroscopy
The (FTIR) spectroscopic analyzes were performed using the KBr pellets method. The pellets were obtained by mixing sample portions and KBr pressed at 80 kgf m 
2.4.
P Nuclear Magnetic Resonance (NMR) spectroscopy
31 P NMR spectra were obtained on NMR spectrometer (Bruker Avance III HD 400 WB, USA) by solid state resonance. Pure solid samples were analyzed without any treatment. The spectrometer was configured for frequency analysis of 161.67 MHz at room temperature, using a double resonance probe with CP/MAS detection system.
Water Solubility
Solubility of the samples was determined in triplicate, based on Kagimura et al. (2015) 15 with modifications. 20 mg of sample were added to 20 ml of distilled water, remained constant stirring for 24 h at 150 rpm and 25 ºC. It was then centrifuged at 18,000 x g for 15 min, the supernatant was collected and the starch concentration was determined by the phenol-sulfuric method 16 .
Degree of Substitution (DS)
Degree of substitution was determined according to Passauer, Bender and Fischer (2010) 17 with modifications. First the phosphorus contents of the samples were determined by spectrophotometric colorimetry, according to vanadiummolybdate standard method, using spectrophotometer (Thermo Scientific, Evolution 60S model, USA). Samples were calcined at 575 ºC for 4 hours, after cooling 4 mL of hydrochloric acid 16.67% (v/v) were added, the volumes were completed with distilled water up to 100 mL and filtered on filter paper. In test tubes were added 1 mL of filtered sample, 5 mL of distilled water and 1 mL of vanadium-molybdate reagent (mixture of equal volumes of 25% ammonium molybdate and 25% ammonium vanadate acidified with 4.3% (v/v) of nitric acid). After 45 minutes of rest, the spectrophotometric readings were carried out at 420 nm. As a phosphorus standard, the 
Methylene blue adsorption isotherm
In Falcon plastic tubes, 10 mL of methylene blue solutions were added with concentrations ranging from 0.25 to 4 mg L -1 and then 20 mg of sample was added in each tube. Under shelter from the light the adsorption experiment was conducted at 30 °C, under agitation of 155 rpm for 24 hours in a rotational incubator. The mixture was centrifuged for 30 minutes at 5000 x g and the supernatant separated for spectrophotometer reading (Thermo Scientific, model Evolution 60S, USA) at 600 nm wavelength. The calibration curve of methylene blue was constructed with data of concentrations between 0.1 and 5 mg L 
Results and Discussion
FTIR spectroscopy
FTIR spectra of the samples ST, ST-TP and ST-TM are shown in figure 2. In the 2800-3000 cm -1 region similar bands were observed in all samples corresponding to the C-H stretch, common of glycosidic structures 18 . Also, bands common to all samples in the 1654 cm 
Morphological Analysis by Scanning Electron Microscopy (SEM)
Samples were characterized morphologically by scanning electron microscopy (SEM). The micrographs were captured on a benchtop microscope (Hitachi, model TM3000, Japan), suitable for analysis of biological samples, configured at 15 kV, with approximations in the range of 300 to 800 x and with specimens fixed to carbon ribbons and without coating.
X-Ray diffraction
Diffraction patterns of the samples were obtained using an X-ray diffractometer (Rigaku, model MiniFlex 600, Japan), configured with copper lamp radiation (CuKα = 1.5418 Å), 40 kV and 15 mA. The diffractograms were generated with readings in the range of 10 to 60 ° 2θ, step of 0.02 ° 2θ and velocity of 5 ° 2θ min -1 . In the ST-TM sample spectrum, small intensity variations were observed in some bands in relation to the ST spectrum, as well as a new low intensity band in the 1300 cm -1 region that can be associated with water present in the material 22 , however specific bands of bound phosphate groups were not perceptible, probably due to the reduced number of phosphate introduced, as already reported by Li et al. (2009) 23 . On the other hand, the spectrum of the ST-TP sample presented, in addition to small variations in intensity, a new band at 3630 cm -1 associated with O-H stretching of unbound water, probably adsorbed on the surface of the sample 24, 25 , a band at 1214 cm -1 assigned to symmetrical stretching P=O 19, 20 , a band at 1129 cm -1 related to symmetrical and asymmetrical stretching of the PO 2 group 26 and a band at 889 cm -1 may be related with the P-O bond 27 . Such alterations in the absorption in the infrared region, evidenced the occurrence of the phosphorylation process, especially for the spectra of the ST-TP sample.
31 P (NMR) spectroscopy
31 P NMR spectra of the ST-TP and ST-TM samples are shown in figure 3 , with the respective structures formed, the starch molecule in the figures is represented by (St). Spectrum ST-TM sample (Figure 3a) showed two groups of signals in the range of 15 to -20 ppm. The signals between δ -1.8 and -5 ppm are attributed to the presence of distarch monophosphate (DSMP) 9 . The DSP structure derives from the phosphorylation of starch by STMP at pH above 8, according to the mechanism proposed by Lim e Seib (1993) 28 .
Other signals between δ -5 and -10 ppm may be attributed to monostarch diphosphate formation (MSDP), as observed by Passauer, Bender e Fisher (2010) 17 . 31 P NMR spectrum of the ST-TP sample (Figure 3b) showed two signals in δ 3.6 and 1.6 ppm related to obtaining monostarch monophosphate (MSMP) and DSMP structures respectively 12, 17, 29 . The MSMP structure is characterized by grouping phosphate bound through ester bond with the C6 carbon of the glycosidic unit of starch 9, 17 . Two signals presented between δ -5 and -10 ppm in the ST-TP sample spectrum are attributed to MSDP formation, as observed for the ST-TM sample. Table 1 shows the water solubility data of samples ST, ST-TP and ST-TM. The ST sample showed low solubility, forming a more turbid suspension with fine particles, common to this type of material 30 . The ST-TP and ST-TM modified samples showed increases in solubility which may be related to the greater swelling power, because with certain levels of phosphate insertion the water penetration into the starch granules is increased and consequently the swelling can be facilitated, also may be related to the partial gelatinization process of the starch, even though sodium sulphate is used to delay this process 30, 31 . In phosphorylated starches with crosslinking process, a direct relation of swelling power and solubility is generally observed, so that at low crosslinking levels there is an increase in these properties, but at very high crosslinking levels the leaching of starch molecules into water is difficult and swelling and solubility are reduced 31, 32 .
Water solubility
Degree of Substution (DS)
The degrees of substitution of the samples are presented in table 2. The ST sample did not present phosphorus content, which is in agreement with the expected. The ST-TP and ST-TM samples presented low levels of phosphorus, however, sufficient to cause changes in several starch properties, as observed by Stahl et al. (2007) 4 .
ST-TP showed a higher degree of substitution, which may justify its greater solubility and larger changes modifications in the absorptions in the infrared region. Wongsagonsup et al. (2005) 6 obtained similar results, with phosphorylated starch samples with STPP presenting values much higher of degree of substitution than phosphorylated samples with STMP.
Scanning Electron Microscopy (SEM)
Morphological characterization of samples ST, ST-TP and ST-TM was performed by means of the micrographs presented in figure 4 .
The ST sample presented elliptical and ellipsoidal grain morphology, with more homogeneous sizes as expected for this type of material, without modifications in the granule structure 23 . The samples ST-TP and ST-TM, in turn, presented loss of grain format. Their surfaces became rough, porous and irregular and agglomerations of granules were observed which provided an increase in particle sizes. Such agglomerations may be related to the phosphorylation process 5 , whose insertion of the phosphate groups has modified the intermolecular interactions between the starch chains, and also the effect of the granule rupture in the fractions possibly gellled.
X-Ray diffraction
The X-ray diffractograms of the samples ST, ST-TP and ST-TM are shown in figure 5 . ST presented diffraction pattern similar to those commonly found in type A starches, mostly composed of cereal starches, which have a threedimensional configuration of double helices of amylose and amylopectin 33, 34 . The phosphorylated ST-TP and ST-TM samples showed different diffraction patterns from the starting sample, ST, evidenced by the suppression of the main ST peaks at 15, 17 and 23 ° 2θ. This characteristic is due to the amorphization process undergone by the starch, associated to insertion of new groups at non-periodic intervals along the starch chains, which causes a more random spatial distribution, the possible structural rearrangement resulting from alkalinization in the previous process to reaction with the phosphates and also the presence of partial gelling 14, 35 . ST-TP presented small new peaks in the regions of 26, 29 and 31 ° 2θ, which may be related to changes in threedimensional network of the chains, attributed to formation of DSMP (crosslinking process) 35 .
Methylene blue adsorption isotherm
Preliminary methylene blue adsorption tests on the ST-TP and ST-TM samples presented better results for the Freundlich adsorption model according to the R² coefficients shown in table 3. The Langmuir isotherms data presented a very large randomness, this non-linear behavior suggests that the adsorption does not behave in a similar way to the model proposed by Langmuir, at least under the conditions studied. Table 3 . Methylene blue adsorption isotherms data on the phosphorylated samples, using Langmuir and Freundlich models.
Langmuir Freundlich
n R Sample ST showed very low, undetectable methylene blue adsorption, therefore, the data were not reported. A larger study should be carried out to better understand the adsorption mechanism. However, it is possible to observe that the ST-TP sample presented adsorption potential higher than the ST-TM sample, Which suggests that its structure and surface were more strongly altered, which is in accordance with the results of FTIR spectroscopy, solubility and phosphorus content and that may be related to the increase of the anionic character of the material surface due to the insertion of the phosphate and also to the rupture of granule with an apparent increase in theroughness and porosity of the surfaces observed in micrographs obtained by SEM. This achievement of adsorptive potential in the phosphorylated samples suggests that they are promising for application in drug delivery systems, where they could act as a vehicle for cationic active principles.
Conclusions
Starch phosphorylation process has been successfully performed according to the degree of substitution data, 31 P NMR spectra and FTIR absorptions observed. The phosphorylated materials presented increased solubility, structural and morphological changes and amorphous diffraction patterns. The adsorptive properties were higher in the phosphorylated starches, with higher adsorption capacity for the sample with higher DS. These data may indicate prospecting in the application as biodegradable adsorbents of cationic adsorbents as the model adsorbent used, methylene blue. Confirmed their respective modifications, the phosphorylated starches will be further studied on new properties and applications. 
